INTRODUCTION
The bulk of reservoir engineering research and techniques has been directed toward homogeneous reservoirs, whose physical characteristics, such as porosity and permeability, are considered, on the average, to be constant. However, many prolific reservoirs, especially in the Middle East, are naturally fractured. These reservoirs consist of two distinct elements, namely fractures and matrix, each of which contains its characteristic porosity and permeability. Because of this, the extension of conventional methods of reservoir engineering analysis to fractured reservoirs without mathematical justification could lead to results of uncertain value.
The early reported work on artificially and naturally fractured reservoirs consists mainly of papers by Pollard,l Freeman and Natanson,2 and Samara. 3 The most familiar method is that of Pollard. A more recent paper by Warren and Root showed how the Pollard method could lead to erroneous results. 4 Warren and Root analyzed a plausible two-dimensional model of fractured reservoirs. They concluded that a Horner-type pressure build-up plot of a well producing from a fractured reservoir may be characterized by two parallel linear segments. These segments form the early and the late portions of the build-up plot and are connected by a transitional curve.
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In our analysis of pressure build-up and drawdown data obtained on several wells from various fractured reservoirs, two parallel straight lines were not observed. In fact, the build-up and drawdown plots were similar in shape to those obtained on homogeneous reservoirs.
Fractured reservoirs, due to their complexity, could be represented by various mathematical models, none of which may be completely descriptive and satisfactory for all systems. This is so because the fractures and matrix blocks can be diverse in pattern, size, and geometry not only' between one reservoir and another but also within a single reservoir. Therefore, one mathematical model may lead to a satisfactory solution in one case and fail in another.
To understand the behavior of the pressure buildup and drawdown data that were studied, and to explain the shape of the resulting plots, a fractured reservoir model was employed and analyzed ma thematically. The model is based on the following assumptions:
1. The matrix blocks act like sources which feed the fractures with fluid; 2. The net fluid movement toward the wellbore obtains only in the fractures; and 3. The fractures' flow capacity and the degree of fracturing of the reservoir are uniform. By the degree of fracturing is meant the fractures' bulk volume per unit reservoir bulk volume.
Assumption 3 does not stipulate that either the fractures or the matrix blocks should possess certain size, uniformity, geometric pattern, spacing, or direction. Moreover, this assumption of uniform flow capacity and degree of fracturing should be taken in the same general sense as one accepts uniform permeability and porosity assumptions in a homogeneous reservoir when deriving the unsteadystate fluid flow equation. Thus, the assumption may not be unreasonable, especially if one considers the evidence obtained from examining samples of fractured outcrops and reservoirs. Such samples show that the matrix usually consists of numerous blocks, all of which are small compared to the reservoir dimensions and well spacings. Therefore, the model could be described to represent a CChomogeneously" fractured reservoir.
In this paper, the fundamental equation of flow 
• cm(p -P )-cf(Pf-P ) Eqs. 3 and 4 are to be solved for a well of infinite radius of drainage producing at a constant rate q. Thus,
Subscripts m and f refer respectively to matrix and fractures.
Substituting P e c(p-p o ) for P in Eq. 2, differ-
where A f is the area of flow available to the fractures at the wellbore and is equal to (2rrhf3r w )
where Hi (-x) is defined by and h is total productive thickness of the sand.
Let f1p = Pi -P, substituting in Eqs. 3, 4 and 5, and taking the Laplace transformation of the resulting equations gives 2- 
The solution to Eq. 5a that satisfies the boundary conditions is
.6. Solution 7 is the exact solution for the problem at hand, which is valid for all times. An approximate solution for dimensionless time T > 100, where 
Eq. 8 is similar in functional form to Eq. 15 of Warren and Root. 4 However, one must remember that the mathematical models that were employed 62 to arrive at the respective equations are basically different. For all practical purposes Eq. 8 becomes which could differentiate between the fractured and homogeneous reservoirs I plots, may be noticeable only during the very early period of the test. However, during this period one cannot usually obtain 'reliable data.
The identity in shape of the above mentioned plots was true in all drawdown and build-up cases analyzed by the author. These cases consisted of several drawdowns and build-ups obtained on wells from various fractured reservoirs both in the United States and Middle East. Also, Dyes and Johnston reported pressure build-up plots of wells from Spraberry which are similar in shape to those obtained on homogeneous reservoirs. 10 The author wishes to express appreciation to G. W. Nabor, E. E. Moreland and J. H. Halsey for useful discussions, and to the management of Socony Mobil Oil Co., Inc. for permission to publish this paper.
The following field case is presented to illustrate the theoretical: results.
Fractured reservoirs, described by the model analyzed in this paper, cannot be distinguished from homogeneous reservoirs on the basis of drawdown arid build-up curves, using field measured data. In addition, calculations for skin effect, for pressure drop as a function of time and distanc;:e, for the distance to a fault, and various others are identical to those of nonfracture_d reservoirs except for the proper insertion of (3 and (c¢)av as indicated by comparing Eqs. 9 and 9a.
Finally it should be re-emphasized that all fractured reservoirs may not necessarily adapt to the above analysis. The assumption of homogeneous fracturing may not apply to every fractured reservoir. Consequently, the drawdown and build-up curves of these reservoirs to which the homogeneousfracturing assumption does not apply could have their special characteristics. The pressure build~up data shown in Table 1 were obtained from a test on Well X producing from naturally fractured limestone. Other pertinent data are: stabilized rate of flow prior to shut in ::=: 905 STB/D, cumulative production from the well at the time of shut in = 5,800 STB, formation volume factor ::::: 1.085, viscosity at reservoir conditions 1.6 cp, and reservoir bubble-point pressure = 700 psi. Construct the pressure build-up curve and calculate the flow capacity of the reservoir. 
EXAMPLE

MEMBERS AIME
The author has described and developed in great detail a model for the representation of a naturally fractured reservoir. He has used its behavior for a reasonable, but particular, set of parameters and some field observations as the basis for general conclusions. However, several of the points made by the author are misleading. 
These substitutions cause the equation to become identical with Eq. 8 of the subject paper.
2. Since the matrix poro~ity ¢m has been defined in exactly the same manner in both papers, Eq. 5 of Ref. 1, together with the relationship between ¢1 and ¢m used to equate the behavior equations, it can be utilized to obtain the following results:
It is evident that the three parameters in this paper can be defined in terms of two independen t parameters. Therefore, f3 is not an independent parameter; furthermore, it is neither physically meaningful nor readily measurable. In a sense, f3
complicates, rather than simplifies, the physical model.
3. In the author's analysis of the behavior equation, he concludes that the two exponentialintegral terms, aside from that for the equivalent homogeneous reservoir, are negligible for practical purposes. This conclusion is based on the observation that each term approaches zero rapidly. Consider the following conditions: From the above, C m = 21 x 10-6 (psi)-l; and, using the author's nomenclature, feel, is the dimensions of the matrix blocks. If the correct value of C m is used, the flow time of six minutes is reduced to about two to three minutes. The two examples presented by Warren and Root strengthen my contention that all fractured reservoirs may not yield the same characteristic plots. I have presented one field example to show that some fractured reservoirs behave in a homogeneous manner. In fact this homogeneous beha vior manifested itself in several build-up and drawdown cases that were studied but are not available for publication. Moreover, Dyes and Johnston 3 reported pressure build-up plots of wells from Spraberry which are similar in shape to those obtained on homogeneous reserVOIrs.
